Abstract. Architecture decision making is considered one of the most challenging cognitive tasks in software development. The objective of this study is to explore the state of the practice of architecture decision making in software teams, including the role of the architect and the associated challenges. An exploratory case study was conducted in a large software company in Europe and fifteen software architects were interviewed as the primary method of data collection. The results reveal that the majority of software teams make architecture decisions collaboratively. Especially, the consultative decisionmaking style is preferred as it helps to make decisions efficiently while taking the opinions of the team members into consideration. It is observed that most of the software architects maintain a close relationship with the software teams. Several organisational, process and human related challenges and their impact on architecture decision-making are also identified.
Introduction
Software architecture serves as the intellectual centrepiece that not only governs software development and evolution but also determines the overall characteristics of the resulting software system [1] . It provides support for various aspects of software system development by facilitating functions such as enabling the main quality attributes of the system, managing changes, enhancing communication among the system stakeholders and improving cost and schedule estimates [2] . Architecture decisions stand out from the rest because they dictate all downstream design choices; thus, they have far-reaching consequences and are hard to change [3] . Making the right architecture decisions, understanding their rationale and interpreting them correctly during software system development are essential to building a system that satisfies stakeholder expectations. As the system evolves, making new architecture decisions and removing obsolete ones to satisfy changing requirements while maintaining harmony with the existing decisions are crucial to keeping the system on course [4] .
A new perspective on software architecture and making architecture decisions has emerged with the popularity of lean and agile development practices [5] . The discussion regarding the big upfront design and continuous design, challenges to find the right balance of initial architecture design and its evolution during the software system life cycle [6] . At the same time, the emphasis on collaboration and agility causes architects to rethink making decisions from their ivory towers [7] . In most cases, architects are now part of the software team, and the important architecture decisions are made by the team rather than an individual architect [8] . With this change of perspective, software architecture decision making is now mostly considered a group decision-making (GDM) activity [9, 10] .
Background
Although the importance of architecture decisions has long been recognised, they only began to gain prominence in software architecture about a decade ago [4] . Since then, architecture decisions and the rationale behind them have been considered first-class entities. Reasons such as dependencies between decisions, considerable business impact, possible negative consequences and a large amount of effort required for analysing alternatives are also recognised as factors contributing to the difficulty of architectural decisions [8] . Due to the importance and complexity of architecture decision making, the research community has given considerable attention to the topic, and a number of techniques, tools and processes have been proposed to assist in different phases of the architecture decision-making process [2] . Even though some attempts have been made to develop GDM solutions for architecture decision making, most of the solutions, including the most widely used ones, are not developed from a GDM perspective [11] .
The groups can choose different decision-making methods such as consensus decision making, majority rule, decisions by an internal expert and decisions by an external expert, to reach a decision [12] . Based on the interaction between the team leader and the team, the decision styles in teams can also be classified into many different categories [13] [14] [15] . GDM has advantages such as increased acceptance, a large amount of collective knowledge, multiple approaches provided by the different perspectives and better comprehension of the problem and the solution [16] . At the same time, there are also some weaknesses that undermine the use of GDM in certain situations. Liabilities such as being time-consuming and resource heavy, vulnerability to social pressure, possible individual domination and the pursuit of conflicting secondary goals can result in low-quality compromised solutions [16] . One of the major weaknesses of GDM is groupthink [17] , where the group makes faulty decisions without exploring the solutions objectively because of the social pressure to reach a consensus and maintain the group solidarity.
Case Study
In this research, the case study approach was selected for two main reasons. First, the case study is recommended for the investigation of a phenomenon when the current perspectives seem inadequate because they have little empirical evidence [18] . Although generic GDM is a well-researched area, few empirical studies have been made about GDM in software architecture. Second, in the case of decision making, the context in which the decision is made is essential to understanding the decision fully [19] . Since the case study allows us to study a phenomenon in its natural setting, the case study makes it possible to gather insights about the phenomenon itself as well as its interactions with its surroundings.
Case Study Design
This exploratory case study was designed to seek new insights into architecture decision making in software teams. A European software company was selected as the case company and the software teams in the company were used as the unit of analysis of the study. The case company specialises in providing software products and services to the consumer market, enterprise customers and third-party service providers. It has around a thousand employees and has a strong global customer base as well as offices and partners around the world. The company's product development activities are carried out in development centres located in multiple countries. At the time of the study, the company had three parallel business units: independent profit centres (BU1, BU2 and BU3) that focused on different product and service offerings, and market segments. In addition, there was a horizontal unit (BU4) that provided common solutions such as backend services for the other thee business lines. Finally, there was a centralised technical decision-making body, the tech committee (TC), which made company-wide technical policy decisions.
Two research questions (RQs) were derived based on the objectives of the study. While the questions are correlated to each other, each question is designed to find answers to a different aspect of the problem.
RQ1. How do software teams make architecture decisions?
The aim of this question is to understand the state of the practice of architecture decision making in the case company, including the processes, tools and techniques, together with the contextual information. Answers to this question will help in understanding the overall architecture decision-making approach of the company as well as the architecture decision-making approaches of individual software teams.
RQ2. What are the challenges in architecture decision making in software teams? Identifying various challenges faced by the software teams during architecture decision making is the main goal of this research question. Answers to this question will also reveal the underlying sources of those challenges and their impact on architecture decision making.
Data Collection
Fifteen software architects from the different teams of the case company were selected to represents their respective teams (ST1-ST15). As shown in Table 1 , they represent all the business and technical units of the company. Despite the variation in the job titles, all of them perform duties as software architects in their respective teams. The software architects are located in three different sites: the headquarters (HQ) and two development centres (DC1 and DC2). A set of questions divided into different themes was used to guide the interviews. The interview begins with questions related to the context and then gradually focuses on software architecture and architecture decision making. The interview questions later discuss the challenges that are faced and the possible solutions to these challenges. The interviews were conducted by two researchers. Most of the interviews were carried out face to face on site. Skype was used for three interviews due to travelling and scheduling issues. Each interview lasted about 1.5 hours. All interviews were recorded with the consent of the interviewees.
Data Analysis
A set of decision-making styles derived from the research literature [13] [14] [15] was adapted to the software architecture decision-making context to analyse the decision making in the software teams in the case company. Each of these decision-making styles has different characteristics in terms of the decision maker, the origin of the solution and participation in the decision-making process, as shown in Table 2 . Based on the degree of involvement of each party, these decision styles can be placed on a continuum and grouped into three categories: architect driven (authoritative, persuasive), team driven (delegative) and collaborative (consultative, consensus). In addition to using the above classification to capture the decision-making styles, the identified challenges are categorized into three different groups as organizational, process and human, based on the origin of the challenge.
Architecture Decision Making in the Case Company
It is clear that most of the software teams in the company follow GDM to make architecture decisions. The decision-making process appears to be informal. However, each team have some form of structured decision-making practice as all the interviewees were able to describe it during the interviews. The software architecture decision-making process in the case company is mainly a two-fold process composed of team level and organisational level decision making. In addition to that, there is also individual level decision-making, as each decision-maker makes individual decisions while participating team level or organizational level decision-making sessions. Even though software teams have freedom to make architecture decisions regarding their own software components, architecture steering groups and the TC are involved in making high-impact decisions that can affect the other teams or the company's business performances.
Fig. 1. Primary decision making style in software teams
Architecture decision-making styles in each software team are based on the preferences of the software architect and the team members. However, all the interviewees made it clear that they selected the decision-making style based on the context, since there is no "one size fits all" kind of solution. Meanwhile, the decisions related to tasks that have an impact beyond the scope of the team are escalated to the architecture steering groups or the TC. Fig. 1 shows the most commonly used architecture decision-making style of each team. According to that, consultative decision-making is the most commonly used decision-making style; 8 teams (53%) claimed to use that as their primary decision-making style. One notable fact that is brought up during the interviews was the majority of the consultative decision-making style followers are willing to reach consensus during the consultation process if possible. However, they keep consultative decision-making as the primary decision- The interviewees provided arguments for choosing and not choosing each decisionmaking style. The arguments in favour of collaborative decision-making styles are that they increase team motivation, promote continuous knowledge sharing and identify team members who have expertise in the problem domain. The main arguments against these styles are that they are time-consuming and that it is difficult for team members to come to an agreement. Clarity of responsibility and saving time and money were given as reasons for using architect-driven decision-making styles. Others claimed that architecture decision making is too complex to be handled by one person. It can limit the creativity of the solutions and introduce bias into the decisions since all the interviewees use personal characteristics such as experience and intuition for individual level decision-making. The only reason given for opting for delegative decision-making style is that the architect's unwillingness to take the responsibility of the design process.
The consultative decision-making style, which is preferred by the majority, brings the right balance into the decision-making process as it allows the software teams to makes decisions promptly while taking the opinion of the team members into consideration. This style makes it easier to attribute a certain decision to the decisionmaker, hence maintaining the design rationale to some extent. The consultation process also helps to share information and spread the knowledge within the team. Since the majority of those who use consultative decision-making are open to reach consensus during the consultation, there is a possibility of making collective decisions when there are no demanding constrains. Eleven out of fifteen software teams use either consultative or consensus decision-making styles, thus it is possible to claim that collaborative way of decision-making has a strong presence in the case company.
Despite the availability of various architecture decision-making techniques, none of the teams use any standard technique to make architecture decisions. Although a few teams use software tools to create diagrams that can be used for decision making and communication, the whiteboard is the standard tool for architecture decision making in the case company. Despite being an external entity, the majority of interviewees view architecture steering groups as useful bodies that support them in decision making. One of the main reasons given for this view is that these groups support the teams by reducing the complexity of the decision problem. Most of the time, software teams or their representatives take the initiative to consult the steering group. That can also have an impact on the teams' view on steering groups, as consulting the steering group is voluntary rather than forced upon the team.
Identified Architecture Decision-making Challenges
The interviewees mentioned several challenges associated with architecture decision making. Multiple interviewees provided evidence of the presence of groupthink, which leads groups to make inadequate decisions because it prevents them from taking actions required for informed decision making, including considering all possible alternatives, evaluating risks, examining decision objectives and seeking information related to the decision problem [17] . Based on the origin, the challenges are classified into three different groups: organisational, process and human. Table 3 shows identified challenges and their impact on architecture decision-making. Revisiting the design rationale appears to be a significant problem due to improper documentation and organisational changes. Most of the interviewees admitted that they experience several issues related to the design documents, particularly regarding their quality and maintenance. The majority opinion is that the documentation practices in the company are minimal or, in some cases, non-existent. Multiple interviewees stated that differing opinions and personality traits are among the major challenges faced during architecture decision making. Several reasons such as non-flexibility, personal ego and loyalty towards a preferred technology prevent the team from reaching an agreement. Some team members constantly try to force their way of doing things on others rather than objectively participating in the discussion. On the other hand, some of the members prefer to just attend decision meetings but never express their opinions.
Conclusion
The study revealed that the majority of software teams in the company use a consultative decision-making approach to make architecture decisions. We were able to identify the challenges related from three different aspects: organisational, process and human, and their impact on architecture decision making. While discussing the overall results, we also uncovered the existence groupthink that is known to influence group decision making activities. The next logical step is to identify the relationship between the type of architecture decisions and the decision-making style followed. Identifying decision-making patterns that should be applied in different contexts will help software architects and teams select the best possible course of action to make their decisions. We are currently planning to cross analyse our previous case study findings [20] with the findings of this study to assess the generalisability.
